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1. Introduction
In RAN2#71 meeting, it was agreed to initiate an Email discussion “[71#52] UMTS/LTE: MTC - Simulations assumptions and output” with the following objectives:
[71#52] UMTS/LTE: MTC - Simulations assumptions and output [Huawei]

-
Try to agree on MTC related simulation conditions (to be captured in the TR)

-
Try to come with one set of simulation outputs (for each RAT type) on RACH load simulation results

=>
Expected output: Text proposal for TR
Section 2 copies & pastes the simulations assumptions in [1], section 3 summarizes the simulation results from different companies.
2. Simulation assumptions
This section summarizes the simulation assumptions for RACH capacity evaluation of the current system (without enhancements) for LTE FDD, LTE TDD, UMTS FDD and UMTS 1.28Mcps TDD.

2.1. Simulation methodology
1) In a single cell environment.
2) No background H2H traffic.
3) Random access contention is modelled as RACH loss, i.e. both MTC devices retransmit in case of collision.
4) In case of no collision, 
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 preamble detection probability is assumed (where i indicates the i-th preamble transmission), to take into account the effects of the radio channel (path-loss, fading, inter-cell interference, Tx-Power limitation, etc.).
2.2. Simulation parameters
2.2.1. LTE FDD
The basic simulation assumptions for LTE FDD are listed in Table 2.2.1. 
It is assumed that the accompanied RRC signalling for MTC devices are not considered in the simulation.
The assumed processing latency for Msg1, Msg2, Msg3 and Msg4 is as per Table B.1.1.1-1 in Annex B in TR 36.912.
Contention resolution is not explicitly modelled, instead, it is assumed Msg1 will be fail decoded by the eNB in case of collision, and the collided MTC devices will not get the Msg2 within the RAR window.

Table 2.2.1: Basic simulation assumptions for LTE FDD
	Parameter
	Setting

	Number of MTC devices
	5000, 10000, 30000

	MTC devices arrival distribution
	Uniform distribution over 60s, 
Beta distribution (see Annex A) over 10s

	Cell bandwidth
	5 MHz

	PRACH Configuration Index
	6

	Total number of preambles
	54 

	Maximum number of preamble transmission
	10

	Number of UL grants per RAR
	3

	Number of CCEs allocated for PDCCH
	16

	Number of CCEs per PDCCH
	4

	Preamble detection probability
(in case of no collision)
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where i indicates the i-th preamble transmission 

	ra-ResponseWindowSize
	5 subframes

	mac-ContentionResolutionTimer
	48 subframes

	Backoff Indicator
	20ms

	HARQ retransmission probability for Msg3 and Msg4 (non-adaptive HARQ)
	10%

	Maximum number of HARQ TX for Msg3 and Msg4 (non-adaptive HARQ)
	5


2.2.2. LTE TDD
The basic simulation assumptions for LTE TDD are listed in Table 2.2.2
It is assumed that the accompanied RRC signalling for MTC devices are not considered in the simulation.
The assumed processing latency for Msg1, Msg2, Msg3 and Msg4 is as per Table B.1.1.1-2 in Annex B in TR 36.912.
Table 2.2.2: Basic simulation assumptions for LTE TDD
	Parameter
	Setting

	Number of MTC devices
	5000, 10000, 30000

	MTC devices arrival distribution
	Uniform distribution over 60s, 

Beta distribution (see Annex A) over 10s

	Cell bandwidth
	10 MHz

	Uplink-downlink allocations configuration
	1

	PRACH Configuration Index
	6

	Total number of preambles
	54 

	Maximum number of preamble transmission
	10

	Number of UL grants per RAR
	6

	Number of CCEs allocated for PDCCH
	16

	Number of CCEs per PDCCH
	4

	Preamble detection probability
(in case of no collision)
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where i indicates the i-th preamble transmission 

	ra-ResponseWindowSize
	5 subframes

	mac-ContentionResolutionTimer
	48 subframes

	Backoff Indicator
	20ms

	HARQ retransmission probability for Msg3 and Msg4 (non-adaptive HARQ)
	10%

	Maximum number of HARQ TX for Msg3 and Msg4 (non-adaptive HARQ)
	5


2.2.3. UMTS FDD

The basic simulation assumptions for UMTS FDD are listed in Table 2.2.3.

Given that the preamble part and message part of PRACH could not be completely separated, so the message part needs also to be considered in the simulation (assume the message part contains full ‘0’), which means the RA procedure continues another 20ms (one TTI) after the preamble part. There will be only one RA procedure for one MTC device.
It is assumed that the accompanied RRC signalling for MTC devices are not considered in the simulation.
In case of collision, e.g. more than one MTC devices selected the same preamble and their message part are overlapped in time domain, it is assumed all collided MTC devices should re-enter into anther MAC preamble ramping cycle.
Table 2.2.3: Basic simulation assumptions for UMTS FDD
	
Parameter

	Setting

	Number of MTC devices
	1000, 3000, 5000, 10000, 30000

	MTC devices arrival distribution
	Uniform distribution over 60s, 

Beta distribution (see Annex A) over 10s

	Preamble detection probability
(in case of no collision)
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where i indicates the i-th preamble transmission

	NB01min
	0 

	NB01max
	30

	Maximum number of preamble retransmissions
	5

	Max number of Preamble Ramping cycles
	3

	Dynamic persistence value
	0.3

	Number of signatures per PRACH
	8

	Number of PRACH
	1

	Available access slots
	All

	RACH TTI
	20 ms


2.2.4. UMTS 1.28Mcps TDD
The basic simulation assumptions for UMTS 1.28Mcps TDD are listed in Table 2.2.4.
Given that the preamble part and message part of PRACH could not be completely separated, so the message part needs also to be considered in the simulation (assume the message part contains full ‘0’), which means the RA procedure continues another 5ms (one TTI) after the preamble part. There will be only one RA procedure for one MTC device.
It is assumed that the accompanied RRC signalling for MTC devices are not considered in the simulation.
In case of collision, e.g. more than one MTC devices selected the same SYNC_UL code, it is assumed all collided MTC devices should not receive any FPACH response during WT(RA response window), and re-enter into anther PHY/MAC preamble ramping cycle.
Table 2.2.4: Basic simulation assumptions for UMTS 1.28Mcps TDD
	
Parameter

	Setting

	Number of MTC devices
	1000, 3000, 5000, 10000, 30000

	Cell bandwidth
	10 MHz

	MTC devices arrival distribution
	Uniform distribution over 60s, 

Beta distribution (see Annex A) over 10s

	SYNC_UL detection probability
(in case of no collision)
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where i indicates the i-th SYNC_UL transmission

	Mmax (Mac Layer Transmission Number)
	2

	Number of signatures (SYNC_UL codes)
	8

	Pi (transmission probability)
	0.3

	Number of UpPCH Subchannel
	2

	Number of FPACH
	8

	Number of PRACH associated to each FPACH
	1

	SF of PRACH
	1/4

	RACH TTI
	5 ms

	WT
	4 subframes

	Physical Layer Transmission Number
	4

	Number of uplink timeslots per carrier
	3


2.3. Output for analysis
The following performance measures could be considered for the analysis of RACH performance for MTC:

1) Collision Probability, defined as the ratio between the number of occurrences when two or more devices send a RA attempt using exactly the same preamble and the overall number of opportunities (with or without access attempts) in the period.

2) Access Success Probability, defined as the probability to successfully complete the random access procedure within the maximum number of preamble transmissions.
3) Statistics of Number of Preamble Transmissions, defined as the CDF of the number of preamble transmissions to perform a random access procedure, for the successfully accessed MTC devices.

4) Access Delay Statistics, defined as the CDF of the delay, for each random access procedure, between the first RA attempt and the completion of the random access procedure, for the successfully accessed MTC devices. 

All these statistics should be collected for the period of time between the activation of the first MTC device and the (successful or unsuccessful) completion of the last random access procedure triggered by a MTC device. For LTE FDD and LTE TDD, successful completion of one random access procedure means the successful reception of Msg4. For UMTS FDD and UMTS 1.28Mcps TDD, successful completion of one random access procedure means the complete of RACH message part.
3. Simulation results

This section summarizes the simulation results from different companies for LTE FDD, LTE TDD, UMTS FDD and UMTS 1.28Mcps TDD respectively.
3.1. LTE FDD
This section summarizes the simulation results from different companies for LTE FDD.
Table 3.1.1: Simulation results for LTE FDD (Collision Probability and Access Success Probability)
	Company
	Distribution
	Performance measures
	Number of MTC devices per cell
	Comments

	
	
	
	5000
	10000
	30000
	

	Huawei
	Uniform distribution over 60s
	Collision Probability
	0.01%
	0.03%
	0.23%
	

	
	
	Access Success Probability
	100%
	100%
	100%
	

	
	Beta distribution over 10s
	Collision Probability
	0.94%
	2.97%
	54.9%
	

	
	
	Access Success Probability
	100%
	100%
	32.33%
	

	CATT
	Uniform distribution over 60s
	Collision Probability
	0.01%
	0.03%
	0.23%
	

	
	
	Access Success Probability
	100%
	100%
	100%
	

	
	Beta distribution over 10s
	Collision Probability
	0.47%
	2.20%
	45.19%
	

	
	
	Access Success Probability
	100%
	99.99%
	30.96%
	

	III
	Uniform distribution over 60s
	Collision Probability
	0.01%
	0.02%
	0.23%
	

	
	
	Access Success Probability
	100%
	100%
	100%
	

	
	Beta distribution over 10s
	Collision Probability
	0.41%
	1.90%
	45.65%
	

	
	
	Access Success Probability
	100%
	100%
	32.42%
	

	CMCC
	Uniform distribution over 60s
	Collision Probability
	0.01%
	0.03%
	0.24%
	

	
	
	Access Success Probability
	100%
	100%
	100%
	

	
	Beta distribution over 10s
	Collision Probability
	0.37%
	1.76%
	44.28%
	

	
	
	Access Success Probability
	100%
	100%
	31.32%
	

	ZTE
	Uniform distribution over 60s
	Collision Probability
	0.005%
	0.02%
	0.23%
	

	
	
	Access Success Probability
	100%
	100%
	100%
	

	
	Beta distribution over 10s
	Collision Probability
	0.38%
	9.10%
	54.11%
	

	
	
	Access Success Probability
	100%
	78.9%
	11.46%
	

	ALU
	Uniform distribution over 60s
	Collision Probability
	<0.1%
	<0.1%
	0.13%
	

	
	
	Access Success Probability
	100%
	100%
	100%
	

	
	Beta distribution over 10s
	Collision Probability
	0.23%
	0.96%
	48.39%
	

	
	
	Access Success Probability
	100%
	100%
	19.15%
	

	Intel
	Uniform distribution over 60s
	Collision Probability
	0.005%
	0.025%
	0.23%
	

	
	
	Access Success Probability
	100%
	100%
	100%
	

	
	Beta distribution over 10s
	Collision Probability
	0.38%
	2.25%
	48.37%
	

	
	
	Access Success Probability
	100%
	99.99%
	28.80%
	

	MTK
	Uniform distribution over 60s
	Collision Probability
	0.01%
	0.03%
	0.235%
	

	
	
	Access Success Probability
	100%
	100%
	100%
	

	
	Beta distribution over 10s
	Collision Probability
	0.412%
	1.872%
	48.92%
	

	
	
	Access Success Probability
	100%
	100%
	28.56%
	


Table 3.1.2: Simulation results for LTE FDD (Statistics of Number of Preamble Transmissions)

	Company
	Distribution
	Number of preamble transmissions
	Number of MTC devices per cell
	Comments

	
	
	
	5000
	10000
	30000
	

	Huawei
	Uniform

distribution over 60s
	Average
	1.43
	1.45
	1.50
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	1.86
	1.87
	1.94
	

	
	Beta
distribution over 10s
	Average
	1.59
	1.78
	3.29
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	2.16
	2.66
	6.99
	

	CATT
	Uniform

distribution over 60s
	Average
	1.43
	1.45
	1.50
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	1.86
	1.87
	1.94
	

	
	Beta
distribution over 10s
	Average
	1.56
	1.79
	3.62
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	2.01
	2.63
	7.46
	

	III
	Uniform

distribution over 60s
	Average
	1.43 
	1.45 
	1.5
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	2
	2
	2
	

	
	Beta
distribution over 10s
	Average
	1.55 
	1.75 
	3.27 
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	2.44 
	3
	7.49 
	

	CMCC
	Uniform

distribution over 60s
	Average
	1.43
	1.46
	1.51
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	1.85
	1.88
	1.94
	

	
	Beta
distribution over 10s
	Average
	1.55
	1.75
	3.41
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	2.00
	2.58
	7.19
	

	ZTE
	Uniform

distribution over 60s
	Average
	1.43 
	1.45
	1.50
	

	
	
	10th percentile (*)
	1
	1
	1
	(*) integer numbers 

	
	
	90th percentile (*)
	2
	2
	2
	

	
	Beta
distribution over 10s
	Average
	1.53
	2.38
	2.68
	

	
	
	10th percentile (*)
	1
	1
	1
	

	
	
	90th percentile (*)
	2
	5
	6
	

	ALU
	Uniform

distribution over 60s
	Average
	1.42
	1.44
	1.49
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	1.84
	1.86
	1.92
	

	
	Beta
distribution over 10s
	Average
	1.55
	1.68
	8.74
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	2.05
	2.43
	9.87
	

	Intel
	Uniform

distribution over 60s
	Average
	1.42
	1.44
	1.50
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	1.85
	1.86
	1.94
	

	
	Beta
distribution over 10s
	Average
	1.55
	1.88
	3.79
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	1.99
	2.82
	7.74
	

	MTK
	Uniform

distribution over 60s
	Average
	1.4325
	1.44405
	1.5028
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	2
	2
	2
	

	
	Beta
distribution over 10s
	Average
	1.56262
	1.7512
	3.7968
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	2.5
	3
	8
	


Table 3.1.3: Simulation results for LTE FDD (Access Delay Statistics)
	Company
	Distribution
	Access Delay (ms)
	Number of MTC devices per cell
	Comments

	
	
	
	5000
	10000
	30000
	

	Huawei
	Uniform

distribution over 60s
	Average
	26.50
	26.85
	28.03
	The minimum value in the Table B.1.1.1-1 in TR 36.912 is considered in the simulation.

	
	
	10th percentile
	15
	15
	15
	

	
	
	90th percentile
	45
	45
	48
	

	
	Beta
distribution over 10s
	Average
	29.95
	34.38
	68.36
	

	
	
	10th percentile
	15
	15
	15
	

	
	
	90th percentile
	55
	65
	163
	

	CATT
	Uniform

distribution over 60s
	Average
	25.17
	25.48
	26.77
	

	
	
	10th percentile
	15
	15
	15
	

	
	
	90th percentile
	45
	45
	45
	

	
	Beta
distribution over 10s
	Average
	28.32
	33.73
	72.38
	

	
	
	10th percentile
	15
	16
	17
	

	
	
	90th percentile
	49
	60
	160
	

	III
	Uniform

distribution over 60s
	Average
	23.87 
	24.13 
	25.3
	

	
	
	10th percentile
	15
	15
	15
	

	
	
	90th percentile
	42.45 
	44.56 
	45
	

	
	Beta
distribution over 10s
	Average
	26.54 
	31.05 
	70.29 
	

	
	
	10th percentile
	15
	15
	15
	

	
	
	90th percentile
	45.21 
	59.07 
	157.15 
	

	CMCC
	Uniform

distribution over 60s
	Average
	26.09
	26.81
	27.90
	

	
	
	10th percentile
	15
	15
	15
	

	
	
	90th percentile
	45
	45
	47.70
	

	
	Beta
distribution over 10s
	Average
	29.13
	34.26
	75.65
	

	
	
	10th percentile
	15
	15
	16
	

	
	
	90th percentile
	52.76
	65.02
	170.60
	

	ZTE
	Uniform

distribution over 60s
	Average
	24.73
	25.29
	26.79
	

	
	
	10th percentile
	15
	15
	15 
	

	
	
	90th percentile
	45
	45 
	47 
	

	
	Beta
distribution over 10s
	Average
	27.84
	49.41
	55.94
	

	
	
	10th percentile
	15
	15
	15
	

	
	
	90th percentile
	48
	118
	148
	

	ALU
	Uniform

distribution over 60s
	Average
	33.4
	34.4
	37.1
	The simulation takes the average Msg1 to Msg4 delay as 21 ms, which may contribute 50~60 ms more delay to the final results.

	
	
	10th percentile
	21
	21
	21
	

	
	
	90th percentile
	51
	52
	57
	

	
	Beta
distribution over 10s
	Average
	41.8
	50.8
	265.5
	

	
	
	10th percentile
	21
	21
	79.2
	

	
	
	90th percentile
	85.5
	105.5
	387
	

	Intel
	Uniform

distribution over 60s
	Average
	25.13
	25.53
	26.72
	

	
	
	10th percentile
	15
	15
	15
	

	
	
	90th percentile
	43.47
	44.18
	44.94
	

	
	Beta
distribution over 10s
	Average
	27.74
	35.11
	72.47
	

	
	
	10th percentile
	15
	15
	15
	

	
	
	90th percentile
	47.74
	64.41
	159.05
	

	MTK
	Uniform

distribution over 60s
	Average
	24.16228
	24.49986
	25.73244
	

	
	
	10th percentile
	15
	15
	15
	

	
	
	90th percentile
	41.3
	41.6
	45
	

	
	Beta
distribution over 10s
	Average
	27.11932
	32.718718
	91.9171
	

	
	
	10th percentile
	15
	15
	16.1
	

	
	
	90th percentile
	46.2
	59.7
	188.3
	


3.2. LTE TDD

This section summarizes the simulation results from different companies for LTE TDD.
Table 3.2.1: Simulation results for LTE TDD (Collision Probability and Access Success Probability)
	Company
	Distribution
	Performance measures
	Number of MTC devices per cell
	Comments

	
	
	
	5000
	10000
	30000
	

	CATT
	Uniform distribution over 60s
	Collision Probability
	0.01%
	0.03%
	0.23%
	

	
	
	Access Success Probability
	100%
	100%
	100%
	

	
	Beta distribution over 10s
	Collision Probability
	0.38%
	5.60%
	49.50%
	

	
	
	Access Success Probability
	100%
	94.97%
	26.27%
	

	Intel
	Uniform distribution over 60s
	Collision Probability
	0.0054%
	0.025%
	0.24%
	

	
	
	Access Success Probability
	100%
	100%
	100%
	

	
	Beta distribution over 10s
	Collision Probability
	0.80%
	14.81%
	54.73%
	

	
	
	Access Success Probability
	99.9%
	70.89%
	19.60%
	


Table 3.2.2: Simulation results for LTE TDD (Statistics of Number of Preamble Transmissions)

	Company
	Distribution
	Number of preamble transmissions
	Number of MTC devices per cell
	Comments

	
	
	
	5000
	10000
	30000
	

	CATT
	Uniform

distribution over 60s
	Average
	1.43
	1.45
	1.50
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	1.86
	1.87
	1.94
	

	
	Beta
distribution over 10s
	Average
	1.54
	2.75
	4.14
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	1.99
	5.66
	8.18
	

	Intel
	Uniform

distribution over 60s
	Average
	1.43
	1.45
	1.51
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	1.86
	1.87
	1.95
	

	
	Beta
distribution over 10s
	Average
	2.04
	4.08
	4.72
	

	
	
	10th percentile
	1
	1
	1
	

	
	
	90th percentile
	3.21
	7.90
	8.64
	


Table 3.3.3: Simulation results for LTE TDD (Access Delay Statistics)
	Company
	Distribution
	Access Delay (ms)
	Number of MTC devices per cell
	Comments

	
	
	
	5000
	10000
	30000
	

	CATT
	Uniform

distribution over 60s
	Average
	27.67
	27.91
	29.11
	

	
	
	10th percentile
	17
	17
	17
	

	
	
	90th percentile
	47
	47
	47
	

	
	Beta
distribution over 10s
	Average
	30.30
	85.48
	107.02
	

	
	
	10th percentile
	17
	18
	24
	

	
	
	90th percentile
	52
	203
	207
	

	Intel
	Uniform

distribution over 60s
	Average
	28.72
	28.98
	30.43
	

	
	
	10th percentile
	18
	18
	18
	

	
	
	90th percentile
	45.83
	45.99
	48.93
	

	
	Beta
distribution over 10s
	Average
	42.58
	90.05
	98.86
	

	
	
	10th percentile
	18
	18
	22.04
	

	
	
	90th percentile
	77.32
	177.62
	185.01
	


3.3. UMTS FDD

This section summarizes the simulation results from different companies for UMTS FDD.
Table 3.3.1: Simulation results for UMTS FDD (Collision Probability and Access Success Probability)
	Company
	Distribution
	Performance measures
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Huawei
	Uniform distribution over 60s
	Collision Probability
	0.03%
	0.32%
	1.25%
	5.95%
	20.01%
	AICH NACK sent by Node B is not considered in this simulation.

	
	
	Access Success Probability
	99.88%
	97.17%
	84.93%
	31.57%
	0.48%
	

	
	Beta distribution over 10s
	Collision Probability
	17.83%
	23.86%
	27.89%
	39.56%
	63.35%
	

	
	
	Access Success Probability
	2.96%
	1.00%
	0.59%
	0.29%
	0.10%
	

	ZTE
	Uniform distribution over 60s
	Collision Probability
	0.13%
	1.01%
	2.23%
	5.47%
	18.05%
	

	
	
	Access Success Probability
	96.80%
	73.37%
	57.78%
	40.06%
	20.94%
	

	
	Beta distribution over 10s
	Collision Probability
	2.38%
	8.25%
	13.88%
	25.52%
	54.95%
	

	
	
	Access Success Probability
	51.30%
	29.70%
	21.54%
	13.75%
	3.27%
	

	ALU
	Uniform distribution over 60s
	Collision Probability
	0.001%
	0.01%
	0.02%
	0.12%
	5.28%
	

	
	
	Access Success Probability
	99.60%
	97.97%
	95.88%
	90.92%
	37.91%
	

	
	Beta distribution over 10s
	Collision Probability
	0.38%
	4.92%
	12.36%
	25.16%
	36.20%
	

	
	
	Access Success Probability
	29.20%
	5.23%
	2.54%
	2.99%
	0.51%
	

	Qualcomm
	Uniform distribution over 60s
	Collision Probability
	0.007%
	0.09%
	0.3% 
	2% 
	47% 
	

	
	
	Access Success Probability
	99% 
	99% 
	98% 
	89% 
	49.8% 
	

	
	Beta distribution over 10s
	Collision Probability
	1.5%
	26% 
	48% 
	67% 
	80% 
	

	
	
	Access Success Probability
	89% 
	55% 
	37% 
	15% 
	2% 
	


Table 3.3.2: Simulation results for UMTS FDD (Statistics of Number of Preamble Transmissions)

	Company
	Distribution
	Number of preamble transmissions
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Huawei
	Uniform

distribution over 60s
	Average
	1.55
	1.89
	2.22
	2.66
	2.79
	AICH NACK sent by Node B is not considered in this simulation.

	
	
	10th percentile
	1
	1
	1
	1
	1
	

	
	
	90th percentile
	2.00
	2.90
	3.60
	4.07
	4.12
	

	
	Beta
distribution over 10s
	Average
	3.47
	3.49
	3.48
	3.51
	3.53
	

	
	
	10th percentile
	1
	1
	1
	1
	1
	

	
	
	90th percentile
	4.88
	4.83
	4.88
	4.87
	4.87
	

	ZTE
	Uniform

distribution over 60s
	Average
	1.89
	2.21
	2.30
	2.33
	2.30
	

	
	
	10th percentile (*)
	1
	1
	1
	1
	1
	(*) integer numbers

	
	
	90th percentile (*)
	3
	4
	4
	4
	4
	

	
	Beta
distribution over 10s
	Average
	2.21
	2.24
	2.25
	2.29
	2.23
	

	
	
	10th percentile (*)
	1
	1
	1
	1
	1
	

	
	
	90th percentile (*)
	4
	4
	4
	4
	4
	

	ALU
	Uniform

distribution over 60s
	Average
	1.40
	1.44
	1.46
	1.57
	2.41
	

	
	
	10th percentile
	1
	1
	1
	1
	1
	

	
	
	90th percentile
	2
	2
	2
	3
	5
	

	
	Beta
distribution over 10s
	Average
	1.84
	1.81
	1.62
	2.89
	2.80
	

	
	
	10th percentile
	1
	1
	1
	1
	1
	

	
	
	90th percentile
	3
	3
	3
	5
	5
	

	Qualcomm
	Uniform

distribution over 60s
	Average
	1.5 
	1.7 
	1.9 
	2.3 
	3.8 
	

	
	
	10th percentile 
	1 
	1 
	1 
	1 
	1 
	

	
	
	90th percentile
	2 
	3 
	3 
	4 
	7 
	

	
	Beta
distribution over 10s
	Average
	2.2 
	3.5 
	4.6 
	5.8 
	5.2 
	

	
	
	10th percentile
	1 
	1 
	1 
	1 
	1 
	

	
	
	90th percentile
	4 
	7 
	10 
	13 
	12 
	


Table 3.3.3: Simulation results for UMTS FDD (Access Delay Statistics)
	Company
	Distribution
	Access Delay (ms)
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Huawei
	Uniform

distribution over 60s
	Average
	78.91
	129.17
	182.75
	254.12
	308.51
	AICH NACK sent by Node B is not considered in this simulation.

	
	
	10th percentile
	24
	24
	24
	32
	30.67
	

	
	
	90th percentile
	153.33
	349.33
	448
	542.67
	634.67
	

	
	Beta
distribution over 10s
	Average
	486.24
	493.50
	493.44
	499.12
	495.02
	

	
	
	10th percentile
	30.67
	33.33
	34.67
	33.33
	30.67
	

	
	
	90th percentile
	757.33
	753.33
	756
	758.67
	749.33
	

	ZTE
	Uniform

distribution over 60s
	Average
	100.54
	138.39
	146.56
	146.47
	142.40
	

	
	
	10th percentile
	37
	37
	37
	37
	37
	

	
	
	90th percentile
	294
	360
	376
	380
	381
	

	
	Beta
distribution over 10s
	Average
	137.21
	135.10
	137.53
	143.72
	138.63
	

	
	
	10th percentile
	37
	37
	37
	37
	37
	

	
	
	90th percentile
	365
	374
	365
	385
	376
	

	ALU
	Uniform

distribution over 60s
	Average
	59
	60
	62
	70
	109
	

	
	
	10th percentile
	25
	25
	25
	25
	39
	

	
	
	90th percentile
	104
	103
	105
	120
	193
	

	
	Beta
distribution over 10s
	Average
	120
	119
	124
	190
	195
	

	
	
	10th percentile
	25
	28
	25
	37
	46
	

	
	
	90th percentile
	309
	318
	322
	394
	402
	

	Qualcomm
	Uniform

distribution over 60s
	Average
	37.8 
	60.4 
	83.1 
	128.8 
	186.9 
	

	
	
	10th percentile
	25.3 
	25.3 
	25.3 
	25.3 
	25.3 
	

	
	
	90th percentile
	36 
	182.7 
	276 
	353.3 
	442.7 
	

	
	Beta
distribution over 10s
	Average
	119.4 
	169.9 
	157.9 
	138.6 
	149.5 
	

	
	
	10th percentile
	25.3 
	25.3 
	25.3 
	25.3 
	25.3 
	

	
	
	90th percentile
	342.7 
	421.3 
	389.3 
	346.7 
	373.3 
	


3.4. UMTS 1.28Mcps TDD
This section summarizes the simulation results from different companies for UMTS 1.28Mcps TDD.
Table 3.4.1: Simulation results for UMTS 1.28Mcps TDD (Collision Probability and Access Success Probability)
	Company
	Distribution
	Performance measures
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	CATT
	Uniform distribution over 60s
	Collision Probability
	0.01%
	0.11%
	0.31%
	1.37%
	26.45%
	

	
	
	Access Success Probability
	100.00%
	100.00%
	100.00%
	100.00%
	94.72%
	

	
	Beta distribution over 10s
	Collision Probability
	0.90%
	19.36%
	43.55%
	62.18%
	77.49%
	

	
	
	Access Success Probability
	100.00%
	81.26%
	32.26%
	9.34%
	1.74%
	


Table 3.4.2: Simulation results for UMTS 1.28Mcps TDD (Statistics of Number of Preamble Transmissions)

	Company
	Distribution
	Number of preamble transmissions
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	CATT
	Uniform

distribution over 60s
	Average
	1.44
	1.48
	1.52
	1.64
	2.94
	

	
	
	10th percentile
	1
	1
	1
	1
	1
	

	
	
	90th percentile
	1.86
	1.91
	1.96
	2.33
	5.20
	

	
	Beta
distribution over 10s
	Average
	1.66
	2.96
	3.15
	3.03
	3.08
	

	
	
	10th percentile
	1
	1
	1
	1
	1
	

	
	
	90th percentile
	2.40
	5.68
	6.11
	5.91
	6.06
	


Table 3.4.3: Simulation results for UMTS 1.28Mcps TDD (Access Delay Statistics)
	Company
	Distribution
	Access Delay(ms)
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	CATT
	Uniform

distribution over 60s
	Average
	48.64
	49.72
	50.90
	54.34
	92.29
	

	
	
	10th percentile
	25.20
	25.29
	25.41
	25.72
	29.75
	

	
	
	90th percentile
	79.32
	81.74
	83.95
	89.89
	179.28
	

	
	Beta
distribution over 10s
	Average
	52.52
	90.52
	96.15
	92.86
	94.33
	

	
	
	10th percentile
	25.00
	25.00
	25.00
	25.00
	25.00
	

	
	
	90th percentile
	90.00
	190.00
	200.00
	195.00
	200.00
	


4. Observations
For LTE FDD:
· 8 companies provided the simulation results
· For the majority, simulation results are very close to each other.
For LTE TDD:
· 2 companies provided the simulation results.
· Companies’ simulation results are close to each other.

For UMTS FDD:
· 4 companies provided the simulation results

· Companies’ simulation output seems a bit diverged, this may because of the disconnection on the assumptions, e.g. whether AICH NACK sent by Node B should be allowed in the simulation.
For UMTS 1.28Mcps TDD:

· 1 company provided the simulation results

In addition, for UMTS FDD, during the email discussion, one company proposed to evaluate the RACH capacity based on the optimized parameters towards handling high RACH overload scenarios (e.g. more signatures per PRACH, and smaller dynamic persistence value), and further evaluate the RACH capacity for EUL in CELL_FACH, the optimized parameters and parameters for EUL in CELL_FACH and corresponding simulation results will be provided by R2-105619.
5. Conclusion
It is proposed to capture the simulation assumptions and output for LTE FDD, LTE TDD, UMTS FDD and UMTS 1.28Mcps TDD into the TR 37.868. Company’s special simulation assumptions, i.e. the assumptions not covered by section 2, should be put into the column “Comments” so as to support their simulation output.
In addition, for the evaluation of RACH capacity for UMTS FDD, if companies agree, the evaluation based on the optimized parameters and the evaluation for EUL in CELL_FACH could be captured in the TR 37.868.
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7. Annex A
Assuming that all the MTC devices activate between t=0 and t=T , the random access intensity is described by the distribution p(t) and the total number of MTC devices in the cell is N, then the number of arrivals in the i-th access opportunity is given by:
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Where ti is the time of the i-th access opportunity and function [] is Round ().
The distribution of access attempts is limited in the time T:
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Same as proposed in [2], in the simulation, the distribution p(t) should follow the Beta distribution:
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 is the Beta function.
It is suggested to set α=3 and β=4 in the simulation.
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